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Objectives: The aims of the present study were to investigate whether irradiation with a CO2
laser could prevent surface softening (i) in sound and (ii) in already softened enamel in vitro.
Methods: 130 human enamel samples were obtained and polished with silicon carbide
papers. They were divided into 10 groups (n = 13) receiving 5 different surface treatments:
laser irradiation (L), fluoride (AmF/NaF gel) application (F), laser prior to fluoride (LF), fluoride
prior to laser (FL), non-treated control (C); and submitted to 2 different procedures: half of
the groups was acid-softened before surface treatment and the other half after. Immersion
in 1% citric acid was the acid challenge. Surface microhardness (SMH) was measured at
baseline, after softening and after treatment. Additionally, fluoride uptake in the enamel
was quantified. The data were statistically analysed by two-way repeated measurements
ANOVA and post hoc comparisons at 5% significance level.
Results: When softening was performed either before or after laser treatment, the L group
presented at the end of the experiments SMH means that were not significantly different
from baseline ( p = 0.8432, p = 0.4620). Treatment after softening resulted for all laser groups
in statistically significant increase in SMH means as compared to values after softening
( p < 0.0001). Enamel fluoride uptake was significantly higher for combined laser-fluoride
treatment than in control ( p < 0.0001).
Conclusion: Irradiation of dental enamel with a CO2 laser at 0.3 J/cm
2 (5 ms, 226 Hz) not only
significantly decreased erosive mineral loss (97%) but also rehardened previously softened
enamel in vitro.
# 2011 Elsevier Ltd.
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Open access under the Elsevier OA license.1. Introduction
CO2 laser irradiation of dental enamel is known to make it
more acid-resistant. However, amongst the many possible
irradiation conditions, there is only a small window of laser
parameterswhich can cause a temperature increase exactly in
the region where solubility is positively affected and no
thermal damage to the surface and pulp is caused. For lasers* Corresponding author. Tel.: +49 241 80 88111; fax: +49 241 80 82468.
E-mail addresses: mestevesoliveira@ukaachen.de, marcella@usp.b
0300-5712 # 2011 Elsevier Ltd.
doi:10.1016/j.jdent.2011.03.006
Open access under the Elsevier OA license.emitting at 9.6 mm, the most absorbed wavelength
(8000 cm1), an effective increase in enamel caries resistance
has been observed both in vitro and in situ with fluences
ranging from1 to 5 J/cm2 and pulses of 5–8 ms.1–3 However, this
wavelength is not as effective in dentine, showing no
significant increase in acid resistance.4 On the other hand,
the 10.6 mm is ten times less absorbed (825 cm1), but for this
reason penetrates deeper into the tissue (12 mm).5 It has
therefore been speculated that it may cause a longer-lastingr (M. Esteves-Oliveira).
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previous study from our group using the 10.6 mm, one set of
irradiation parameters causing as much as 81% caries
inhibition in vitro and no damage to the surface was shown
for the first time.7
This effect is probably related mainly to the temperature
increase at the surface, with consequent elimination of
carbonate and denaturation of the organic matrix.8 It has
been shown that, for the 10.6 mm at irradiation conditions
causing a 900–1000 8C temperature increase at the surface (1–
5 mm), up to 98% reduction of carbonate content was observed
in the outer 1 mmof surface and still up to 60% reduction down
to a depth of 4 mm.5 So, there is reason to believe that at least
the first 4–12 mm of enamel may have increased acid
resistance after irradiationwith effective CO2 laser parameters
emitting at 10.6 mm.Nevertheless, to best of our knowledge, no
study has yet found ideal parameters for this laser to prevent
dental erosion. In most of the studies, an effect is only
observed when the irradiation is combined with fluoride
application.9,10
As the parameters previously found by our group, causing
81% subsurface caries inhibition, have never been tested
before for the prevention of erosion, the aims of the present
in vitro studywere to evaluate its applicability for (i) preventing
surface softening in sound enamel, and (ii) in previously
softened enamel.
2. Materials and methods
The present study was approved by the Ethics in Research
Committee of theMedical Faculty of RWTHAachen University
(Process EK 093/09). All patients were informed about the use
of their teeth for research purposes and signed an informed
consent.
2.1. Sample preparation
One hundred and thirty caries-free human third molars,
freshly extracted in dental offices in Germany (no water
fluoridation, 250 ppm F in table salt), were obtained. The
crownswere separated from the roots and thebuccal surfaces
were ground flat under water cooling on a rotating polishing
machine (EXAKT, Norderstedt, Germany). Each slabwas then
embedded in resin (Technovit 7200 VLC, Kulzer, Wehrheim,
Germany) and serially polished using silicon carbide papers
(1200, 2400, 4000) and a diamond abrasive paste (3 mm) on a
polishing cloth (Struers, Ballerup, Denmark).11 Between the
polishing steps and after the final polishing, all slabs were
sonicated for 30 s in tap water. The removal of the outermost
200 mm layer was controlled with a digital micrometer. All
samples were observed under a stereomicroscope, and the
ones presenting cracks or any structural defects were
discarded. To delimit the treatment area, the sample surfaces
were covered with acid-resistant varnish, leaving only a
round window of 2.5 mm diameter exposed. The polished
enamel sampleswere then randomly divided in 10 groups. All
samples were stored in a supersaturated mineral solution
before the start and during the experiments in order to
simulate the remineralizing properties of saliva. The contentof this solution was 1.5 mmol/l CaCl2, 1.0 mmol/l KH2PO4,
50 mmol/l NaCl at pH 7.0 as described by Zero and
collaborators.12
2.2. Experimental design
The enamel samples were treated in accordance with two
different procedures based on the model proposed by Lussi
and co-workers (2008).11 Procedure 1. Six baseline indentations
weremade in the centre of the exposed enamel window at the
start of the investigation. Then, the samples were given
different surface treatments followed by additional hardness
measurements (six indentations). Thereafter, surface soften-
ing was performed and the surface hardness measured again
(six indentations). Procedure 2. In contrast to Procedure 1, the
erosive challenge took place prior to surface treatment. Except
for this difference in experimental procedure, the measure-
ments were as described for Procedure 1. Negative Control. A
control group was prepared for each procedure and tested in
the samemanner without receiving any surface treatment. 13
samples were tested for each experimental group, and a total
of 130 samples were used for the experimental procedures (4
surface treatments  2 procedures  13 samples + 2 control
groups  13 samples). The sample size was calculated based
on the standard deviation observed in a pilot study performed
before the start of the experiments. Based on this data a
sample size of 13 in each group would have 80% power to
detect a difference inmeans of19.30 (the difference between
laser groupmean, of 313.07 and control groupmean, of 332.37)
with a 5% two-sided significance level assuming that the
common standard deviation is 16.80. The effect between laser
and control is assumed to be the lowest effect which would be
observed in any other comparison. Therefore a sample size of
13 per group lead to a conservative estimate.
2.3. Surface treatment
The blocks were subjected to different surface treatments in
each procedure: (L) laser irradiation (0.3 J/cm2); (LF) laser
irradiation followed by fluoride gel treatment (Elmex1 Gel,
containing 1.25% F, pH 4.8–6.0) for 4 min; (FL) fluoride gel
application followed by laser irradiation; (F) fluoride treatment
alone, as previously described; (C) surface rinse with distilled
water as a negative control.
2.4. Laser irradiation
A CO2 laser (l = 10.6 mm), Rofin SC  30 (Rofin-Sinar Laser
GmbH, Hamburg, Germany), which emits a beamwith a TEM00
profile was used. In order to allow adequate determination of
the energy density, and considering that the laser beam had
Gaussian distribution and radial symmetry, the beam diame-
ter at 1/e2 of the intensity level was determined using the
knife-edge method. The emitted energy was controlled using
an energy meter (Coherent Field Master GS + Detector LM45;
Coherent, USA), and irradiations were performed at a distance
of 19.8 cm. The additional irradiation conditions and the
groups formed for both procedures are summarized in Table 1.
The laser parameters used were based on a previous in vitro
study.7
Table 1 – Description of the experimental groups and laser settings used for the irradiations. The same groups were
formed for Procedures 1 and 2, resulting in a total of ten groups.
Surface treatment CO2 laser Fluoride
application
Energy
density
Pulse
duration
Number of pulses
(irradiation time)
Repetition
rate
Energy per
pulse
Beam
diameter
Laser (L) 0.30 J/cm2 5 ms 2036 (9 s) 226 Hz 15 mJ 2.5 mm 
Laser + fluoride (LF) 0.30 J/cm2 5 ms 2036 (9 s) 226 Hz 15 mJ 2.5 mm + (after)
Fluoride + laser (FL) 0.30 J/cm2 5 ms 2036 (9 s) 226 Hz 15 mJ 2.5 mm + (before)
Control (C) Without laser irradiation, negative control 
Fluoride (F) Without laser irradiation, but with fluoride, positive control +
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Knoop surface microhardness (SMH) was measured with the
indenter placed perpendicular to the polished surfaces at
baseline, after surface softening and after surface treatment.
Six indentations, 50 mm apart, were made at each measure-
ment time. Baseline indentations were placed in the centre of
the exposed area, and the next oneswere placed either 100 mm
to the left of them (after softening) or 100 mm to the right (after
treatment). A force of 0.49 N was applied for 20 s, and the
indentation lengthswere photographed andmeasured using a
microscope and computer software (DM 4000 M, Leica,
Wetzlar, Germany, and a4i Analysis, Aquinto, Enfield, USA).
After laser irradiation and/or fluoride application, the SMH of
the enamel blocks was measured again in order to evaluate
whether the surface treatment changed the hardness values.
As the decrease in surface microhardness is directly
correlated to mineral loss, changes in SMH were calculated.12
For calculating the surface microhardness change (DSMH) in
each group in both procedures, the mean SMH after softening
(Procedure 1) and after treatment (Procedure 2) was subtracted
from the mean SMH at baseline. Using these values, the
percentage of reduction of DSMH was calculated as follows:
%of reductionof DSMH ¼ ðDSMHcontrolDSMHtreatmentÞ100DSMHcontrol
2.6. Surface softening
Each sample was immersed in 20 ml 1% citric acid, pH 4, for
3 min at 30 8Cunder constant agitation in a shakingwater bath
(GFL 1086, Burgwedel, Germany). The samples were then
carefully rinsed in deionized water and dried for 5 s with
absorbent papers.11
2.7. Analysis of fluoride in enamel
After SMHmeasurements, each enamel samplewas sectioned
into a 2.5 mm  2.5 mm block. The round area of enamel
(0.049 cm2) containing the indentation region was left ex-
posed, and all the other sides of the block were covered with
acid-resistant varnish. A layer of enamel was removed by
immersing this block in 0.5 ml 0.5 M HCl for 15 s under
agitation. Subsequently 0.5 ml of Tisab modified with 20 g
NaOH/l was added to this solution, containing the dissolved
enamel layer, and acid-extracted fluoride was analysed using
anOrion 96-09 ion-selective electrode and anOrion EA-940 ion
analyzer.13,14 Measurements were performed in triplicate, andthe fluoride concentration in the enamel was determined
in mg F/cm2 enamel.
2.8. Statistical analysis
Two-way repeated measures analysis of variance (repeated
measures ANOVA) was carried out to investigate the effect of
treatment (group factor, 10 levels), time (group factor, 3 levels),
and the resulting two-factor interaction of group and time on
surface microhardness. Suitable contrasts were formulated
and tested for comparing effects at a time point within groups
or between time points for one group.
One-way ANOVA with post hoc comparisons was per-
formed to investigate the effects of fluoride uptake between
the treatment groups.
All tests were two-sided and assessed at the 5% signifi-
cance level. Becauseof the exploratorynatureof the study,we
made no adjustment to the significance level to account for
multiple testing. All analyses were performed using SAS1
statistical software, V9.1.3 procedure MIXED (SAS Institute,
Cary, NC, USA).
3. Results
3.1. Microhardness measurements
In Procedure 1, apart from the fluoride treatment that caused a
significant decrease in the SMH means ( p = 0.0465), all other
surface treatments caused no change in SMHwhen compared
to baseline (p > 0.05). In comparison with baseline, surface
softening (erosive challenge) caused no significant changes in
the hardness means for the laser and fluoride + laser groups
( p = 0.8432, p = 0.9959). All other groups displayed significantly
lower hardness after softening than at baseline (p < 0.05). The
laser and fluoride + laser groups presented the highest SMH
means after softening, and bothwere significantly higher than
the control (p < 0.0001, p < 0.0001) and the fluoride-treated
( p = 0.0046, p = 0.0013) groups. Treatment with fluoride after
laser irradiation resulted in significantly lower hardness
values than treatment only with laser or with fluoride before
laser irradiation (p = 0.0413, p = 0.0148). Fluoride treatment
alone did not result in significant differences compared to the
control (p = 0.0530).
In Procedure 2, surface softening caused a significant
decrease in the SMH values in all groups when compared to
baseline (all p < 0.0001). After surface treatment, all groups
Table 2 – Knoop surface microhardness (SMH) means, standard deviations (SD), change in surface microhardness (DSMH)
and percentage of DSMH reduction of all groups in Procedure 1.
Groups Baseline After surface
treatment
After surface softening DSMH % of reduction
of DSMH
Mean SD Mean SD Mean SD
Control A 341 (7) 337 (7) 270 (9) a 71 0.0
Laser 330 (15) 350 (17) 328 (17) b 2 97.1%
Fluoride 346 (14) 324 (16) 293 (16) a,c 53 25.5%
Laser + fluoride 343 (13) 324 (25) 303 (16) c 40 43.7%
Fluoride + laser 333 (14) 355 (21) 333 (23) b 0 99.9%
*Different letters indicate a statistically significant difference between the groups after surface softening (a = 0.05).
yDSMH = SMH baseline  SMH after softening.
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p < 0.05), except for the laser group (p = 0.4620). However,
partial hardness recovery was observed between softening
and treatment. The laser, laser + fluoride, and fluoride + laser
groups presented hardness values after treatment that were
significantly higher than after softening (all p < 0.0001).
Comparing the groups after treatment, the laser and fluor-
ide + laser groups resulted in hardness means significantly
higher than the control (p = 0.0010, p = 0.0288), and the laser
group was also statistically significantly higher than the
fluoride group ( p < 0.0001).
No statistically significant difference was observed be-
tween the baseline values of all groups from Procedure 1 and
Procedure 2 (all p > 0.05). The means of the SMH, the standard
deviations, and the percentage of SMH reduction for all groups
are presented in Tables 2 and 3.
3.2. Fluoride measurements
In Procedure 1, the laser + fluoride and fluoride + laser groups
displayed significantly higher fluoride uptake than the control
(p = 0.0001, p = 0.0002) and the laser group (p < 0.0001,
p = 0.0066). However, only the values from the laser + fluoride
group were also significantly higher than the fluoride group
(p = 0.0143).
In Procedure 2, the laser + fluoride and fluoride + laser
groups again displayed the highest fluoride uptake means,
which were also significantly higher than the control (both
p < 0.0001) and the laser group (both p < 0.0001). The values
from the fluoride + laser group were even significantly higherTable 3 – Knoop surface microhardness (SMH) means, standard
and percentage of DSMH reduction of all groups in Procedure
Groups Baseline After surface
softening
Mean SD Mean SD
Control B 348 (9) 297 (15)
Laser 337 (15) 287 (7)
Fluoride 336 (15) 301 (12)
Laser + fluoride 343 (13) 280 (16)
Fluoride + laser 346 (15) 289 (10)
*Different letters indicate a statistically significant difference between th
yDSMH = SMH baseline  SMH after treatment.than laser + fluoride (p = 0.0053). The means and standard
deviations for all groups are presented in Table 4.
The comparison of fluoride uptake for each group in
Procedures 1 and 2 showed a significant difference only for the
laser + fluoride and fluoride + laser groups. In both of them,
the means in Procedure 2 were significantly higher than in
Procedure 1 (p = 0.0031, p < 0.0001).
4. Discussion
The experimental model chosen for the current study was
designed to simulate the clinical conditions present in early
stages of dental erosion and was the same as in a previous
work.11 Studying the effectivity of a newprotectivemeasure at
this stage of lesion development is of considerable importance
since at this point demineralisation is still reversible and no
cavitation is present.15 One limitation of the model is that it is
not possible to predict the long-term effect of the therapy and
therefore the effect of further acid attacks is not clear. Besides,
the resistance to additional abrasive forces is not simulated.
However,with thismodel itwas possible to isolate the effect of
one laser therapy in relation to one acid attack, in a very
interesting stage for prevention. The obtainment of this ship
allows the further development of the laser protocol, giving
insights about the necessary frequency of laser irradiation and
itsmechanismof action. In thisway both softening prevention
as well as rehardening effect could be investigated.
Enamel mineral loss or uptake is correlated to the changes
in surface microhardness; and although the measurementsdeviations (SD), change in surface microhardness (DSMH)
2.
After surface
treatment
DSMH % of reduction
of DSMH
Mean SD
301 (5) a,c 47 0.0
332 (11) b 6 87.6%
294 (10) c 42 9.9%
315 (16) a,b 28 40.2%
321 (12) b 25 46.8%
e groups after surface treatment (a = 0.05).
Table 4 – Means and standard deviations (SD) of the fluoride content (mg FS/cm2) in the enamel after Procedures 1 and 2.
Groups Procedure 1 Procedure 2
Mean SD Mean SD
Control 0.98 (0.4) a 0.84 (0.1) a
Laser 0.90 (0.4) a 1.39 (0.5) a,b
Fluoride 2.02 (1.2) a,b 3.62 (1.0) b
Laser + fluoride 3.65 (2.5) c 6.84 (3.9) c
Fluoride + laser 2.72 (2.4) b,c 10.73 (6.5) d
*Different letters indicate a statistically significant difference between the groups within each of the procedures (a = 0.05).
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detect very early stages of enamel demineralisation.12,16 In
order to increase precision of the indentation length mea-
surement in the present study, standardize polishing (remov-
ing about 200 mm of enamel) was performed in all samples.
Besides, none of the samples presented indentation length
lower than 30–40 mm, which has been reported to be the
minimum value needed for precise indentation measure-
ments.17 Moreover the average baseline KHN varied from 330
to 348 KHN, which is in accordance with previous
reports11,18,19 and there was no significant difference in
average baseline KHN between the groups (p > 0.05). It is
however important to be noticed that, whilst polishing of
natural enamel increases precision of the microhardness
measurements, it also exposes a less acid-resistant inner
enamel layer. This means that the erosive dissolution
happening in polished enamel is somewhat higher than in
natural enamel, as it has been shown recently in an erosion
model.20 Therefore the present results must be interpreted
with caution, and the acid dissolution rates observed are
probably slightly lower for intact teeth in clinical conditions.
The results showed that the three groups involving laser
irradiation always displayed less mineral loss, measured as
surface microhardness change, than the non-treated control
and the fluoride-treated group. The highest inhibition of
surface microhardness change was observed in the groups
treated only with laser (L) and for the combination of fluoride
application and subsequent laser irradiation (FL) in all
experiments. The group receiving laser irradiation before
fluoride application (LF) presented statistically significantly
lower SMH means than the other two laser groups in
Procedure 1. Therefore, this initial discussion will concentrate
on the two groups showing the best performance. The
percentage of inhibition of mineral loss for the FL group
(99.9%; 47%) was higher than that of the laser group (97%; 88%)
in Procedure 1 but not in Procedure 2. However for both
procedures, there was no statistically significant difference
between the two groups in any of the tests. This means that
CO2 laser irradiation alone was able to decrease erosive
surface microhardness change, and that additional topical
fluoride application did not significantly increase this effect.
These results are especially interesting because, to the
best of the authors’ knowledge, such a high decrease in
enamel erosive surface microhardness change (97%) has
never been demonstrated before, neither with application of
fluoride products, nor with use of a 10.6 mm CO2 laser. The
studies testing the fluoride solutions, for example, show
reductions varying between 73% and 93%,21,22 and thestudies with laser show either just a very limited effect
(30%) when the irradiation is combined with fluoride or high
reduction, but in combination with excessive surface
damage.9,10,23 There are probably different reasons for this.
First, some of the studies with fluoride used stronger acid
challenges than used in the present study. Second, only few
studies have so far been published on this topic in the field of
laser dentistry. And third, the laser parameters that were
already tested in these previous studies were not appropri-
ate. Wiegand et al. and Steiner-Oliveira et al.9,10 tested the
irradiation with pulse durations varying from 5 to 10 ms,
which are much higher than the thermal relaxation time of
enamel at 10.6 mmwavelength (90 ms).24 Pulses of this length
tend to causemore heat propagation to the inner tooth layers
and are not able to cause the high peak surface temperatures
needed to increase enamel acid resistance.5,25 Therefore, it is
not surprising that no significant reduction in enamel
surface loss was found.
The set of laser parameters tested in the present study
included laser pulses of short duration (5 ms), lowfluence (0.3 J/
cm2), and a high number of overlapped pulses. This combina-
tion seems to provide a temperature increase very close to the
ideal range (600–900 8C) for making dental tissue more acid-
resistant,5,26,27 since we repeatedly observe a decrease in
enamel demineralisation – previously in an in vitro caries
model,7,28,29 and now in erosion and abrasionmodels (data not
shown) where the acid attack is much stronger. Moreover, a
temperature increase of approximately 700 8C was confirmed
for the first 400 mmof the surface in a previous investigation.30
Currently, the best inhibitionmethod for erosion is the use
of fluoride products. The most successful results have been
obtained with solutions combining fluoride and metal ions,
such as tin. An in vitro study showed up to 93% inhibition of
erosive surface loss when a concentration of 2800 mg/l Sn2+
was combined with 1500 ppm total fluoride.21 Although these
are very good results, the very high tin concentration used in
laboratory tests has some limitations as regards clinical use,
since the solutions become unpleasant for the patients and
require continuous use at least once a day.22,31 In contrast to
this, the laser treatment was performed only once in the
present in vitro study, and a high percentage reduction in
enamel mineral loss was already achieved. This could be an
advantage for the treatment of patients suffering from
erosion, because it would not involve dependence on frequent
use ofmouth rinses. Nevertheless, it has yet to be clarified how
long this preventive effect caused by the laser irradiation lasts.
Besides, this is certainly only the first step towards possible
future clinical application, and further studies are still
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for this type of laser treatment.
Another special finding of the present study was the
rehardening effect observed after laser irradiation of softened
enamel. The reason for this hardness increase could be the
crystal growth related to the temperature change. A crystallo-
graphic investigation of demineralised and subsequently
laser-irradiated enamel showed that porous enamel present
in the lesion was recrystallised after irradiation.32 Formation
of larger crystals and fewer crystallographic imperfections
have also been observed in irradiated dental tissues and in
artificial apatites.33,34 Moreover, an enamel temperature
increase in the range from 650 to 1100 8C has been seen to
cause recrystallisation and crystal size growth.8 Thus, these
reported data indicate that laser-mediated changes in the
enamel ultrastructure exist and may have caused the
rehardening effect observed in the present study. However
it is still not clear how other mechanical properties of enamel
are affected by the present laser irradiation conditions. Thus,
it has to be kept in mind that at indentation loads less than
0.5 N the measurement of hardness only reflects enamel
ability to resist permanent deformation. It does not evaluate
whether amaterial is brittle or not.35 As an increase in enamel
brittleness number indicates increase in the probability that
strain energy will be dissipated via fracture, this mechanical
property must also be investigated in the future. Moreover for
a complete understanding about the laser irradiation effects
on enamel mechanical properties, it would be especially
important for future studies to evaluate changes in elastic
modulus, fracture toughness and brittleness number.36
On the other hand, the expected achievement of a greater
preventive effect with the combination of laser irradiation and
fluoride gel (amine and sodium fluoride, 1.25% F) was not
observed. Even that the quantification of fluoride uptake
showed a significantly higher incorporation of fluoride in
these surfaces than after laser treatment alone. These results
are in accordance with previous findings37,38 and it can be
speculated that the higher enamel fluoride content did not
cause any additional increase in the laser preventive effect
because samples were only subjected to one-time acid attack.
Since amine fluoride firstly causes loosely bound fluoride
deposition which than releases fluoride during later acid
challenges, it could be that the combined-treatment group
would only show an extra protection in longer-lasting erosion
models with more frequent acid attacks.39 However this must
be deeper investigated in future studies. Further studies are
also necessary to evaluate whether the combination of CO2
laser irradiation with other kinds of fluoride compounds, such
as titanium tetrafluoride (TiF4) and tin fluoride, would result in
an even better protective effect, since both compounds have
already proved to effectively reduce erosion and show higher
preventive effect than amine fluoride.40–44 Though one can
claim that amine fluoride gel is therefore not the ideal positive
control for erosion studies, this gel was chosen because its
proven effectiveness in forming CaF2-like layers on enamel
and preventing caries progression.45 Also, a slightly increase
in enamel resistance to erosion and abrasion has been
observed.46,47 So although this is not the best fluoride product
to prevent erosion, it served as a positive control for the
experimental model and the 25% of reduction of erosivesurface microhardness change observed in this study is
similar to the 20% previously found by other researchers.47
Although the present results are very promising as a future
adjuvant erosion treatment, they must be proved in more
complex in situ and in vivo studies, before the efficacy of the
therapy can be extrapolated to clinical conditions. In particu-
lar, it would be important to verify whether the preventive
effect would still be relevant if CO2 laser irradiation was
performedonunpolished enamel surfaces and in the presence
of a salivary pellicle, since both factors are known to be
determinants of higher enamel acid-resistance.20,48 Moreover,
it is also interesting to note that, in this soft erosion model,
laser irradiation after the acid challenge was able to reharden
the enamel surface. This observation indicates the possibility
not only of preventing further erosive surface loss, but also of
rehardening softened enamel and thus preventing cavitation.
Finally, it can be concluded that enamel irradiation with a
CO2 laser at 0.3 J/cm
2 (5 ms, 226 Hz) significantly decreases
erosive mineral loss (97%), and rehardens previously eroded
enamel in vitro. This laser irradiation condition has been
previously tested and shown to cause neither damage to the
surface nor an excessive pulp temperature increase.7 Howev-
er, before these irradiations can be used clinically, further
in vivo tests are necessary to ensure total absence of
irreversible pulp reaction.
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